Abstract. Soft Computing was launched in 1997. Today, the journal is becoming twenty years old. Motivated by this anniversary, this article develops a bibliometric analysis of the journal in order to identify the leading trends of the journal in terms of publications and citations. The work considers several issues including the leading authors, institutions and countries. The study also uses a software to develop a graphical analysis. The results show a significant increase of the journal during the last years that has consolidated the journal as a leading one in the field.
Introduction
The Soft Computing (SC) journal is a leading international journal in the field of Soft Computing, which encompasses a wide range of theories including fuzzy sets and systems, neural networks, evolutionary computation, probabilistic reasoning and other related theories. The journal published its first issue in 1997 and since then it has increased significantly becoming today a monthly journal. The journal is indexed in Web of Science Core Collection and received an impact factor of 1.630 in the latest Journal Citation Reports being in the 56th position of 130 in the category of Computer Science, Artificial Intelligence. Antonio Di Nola, the founding editor-in-chief, created the journal. Today, he currently runs the journal together with Vincenzo Loia. Both are from the University of Salerno, Italy. Soft Computing is published by Springer international publisher.
In 2017, SC becomes twenty years old. To mark this anniversary, this work presents a bibliometric overview of the journal in order to identify the leading trends that have occurred over the last twenty years. The study identifies the most productive authors, institutions and countries and develops a general analysis of the publications and citations of the journal. The work also develops a mapping analysis [1] in order to visualize the bibliographic material by using the visualization of similarities (VOS) viewer software [2] .
Observe that many other journals have already developed a bibliometric overview of their journals, especially for the celebration of a special event. Among others, it is worth mentioning the Knowledge-Based Systems [3] , International Journal of Intelligent Systems [4] , Journal of Business Research [5] , Journal of Business & Industrial Marketing [6] , and the European Journal of Operational Research [7] .
The remainder of the work is structured as follows. Section 2 presents the bibliometric approach to be used in the paper. Section 3 presents the most productive authors, institutions and countries. Section 4 studies the structure of the publications and citations of the journal. Section 5 presents the graphical analysis with VOS viewer software. Section 6 summarizes the main findings and conclusions of the study.
Bibliometric Methods
The work uses different bibliometric methods. Observe that bibliometrics is usually defined as the science that studies quantitatively the bibliographic material [8, 9] . In the literature it is very common to develop bibliometric studies of a wide range of issues including topics [10, 11] , journals [12] , authors [13] , universities [14] and countries [15] . Due to the strong development of computers, bibliometrics has become a very powerful technique for providing a general overview of a research field.
The study uses the Web of Science Core Collection database. The search was carried out between November 2016 and January 2017 and finds all the documents in the journal since its creation in 1997. Up to 2016, the journal has published 2331 documents which decreases to 2037 if only considering articles, reviews and notes. It has received 17523 citations with a ratio of 7.52 cites per paper. The h-index is 48, that is, of the 2331 documents published in the journal, 48 have received 48 citations or more.
The analysis uses a wide range of bibliometric indicators [16] including the total number of publications and citations, the ratio cites per paper, the h-index [17, 18] and citations thresholds. The objective is to provide a general overview of the bibliographic material. The main reason for doing so is because there are different perspectives to consider when analyzing the bibliographic material. From a general point of view [19] , the two main perspectives are the number of publications that reflect the productivity and the number of citations that focus on the influence and popularity of a document.
Additionally, the work uses bibliographic coupling [20] and co-citation analysis [21] to develop the graphical analysis. Note that the VOS viewer software is used to visualize the bibliographic material [2] . Recall that co-citation occurs when two documents receive a citation from the same source and bibliographic coupling when two documents cite the same third work.
Leading Authors, Institutions and Countries of SC
Many authors have made significant contributions to the journal since 1997. Table 1 presents a list with the twenty most productive authors until 31 December 2016.
Witold Pedrycz clearly obtains the first position with twenty-seven articles. However, in terms of citations and the h-index, Francisco Herrera obtains the most significant results far away from the rest of authors.
Next, let us look into leading institutions. For doing so, Table 2 presents the twenty most productive institutions.
The University of Granada clearly leads the ranking obtaining the most significant results in number of paper, citations and the h-index.
A further interesting issue is to consider the country affiliation of the institutions in order to analyse the geographical regions with a highest productivity in SC. Table 3 presents the twenty most productive countries. China clearly dominates the list with more than twice the number of papers of Spain, which is in the second place. The USA and the UK obtain the third and fourth position, respectively. However, when normalizing per person, Czech Republic and Slovakia obtain the most remarkable results.
Publication and Citation Structure
Soft Computing started publishing papers in 1997 and since then it has grown significantly. Table 4 presents the results considering several citation thresholds.
Another interesting issue to consider is those variables that cite more the journal. For doing so, Table 5 shows the journals, authors, universities and countries that have cited more SC. Another interesting issue to analyze is to identify those papers that are most cited in the documents published in the journal. To assess this issue, let us use VOS viewer software in a co-citation analysis of documents. Table 6 presents the results.
The most cited paper in the journal is the seminal paper of Lotfi A. Zadeh about fuzzy sets. Note that this paper is the most cited paper in computer science of all-time and among the fifty most cited papers of all-time of all sciences [16] . Note that the references of the table only include the first author of each document. The total link strength indicates the connections with other documents that at least have received twenty citations in the journal. 
Graphical Visualization of SC
VOS viewer software collects the bibliographic material providing general maps by using several bibliometric indicators including bibliographic coupling, co-citation, co-authorship, citation analysis and co-occurrence of keywords [2] . This subsection develops a graphical visualization of the publications of SC by using VOS viewer. By doing so, the reader obtains a more general representation of the results and how they are connected [22] . First, let us consider co-citation of journals. Recall, that it occurs when two documents from different journals receive a citation from the same third document of another journal [21] . The graph visualizes the most cited journals and the network connections indicate those journals that are more co-cited. Figure 1 shows the results considering a threshold of fifty citations and the one hundred most representative co-citation connections. Fuzzy Sets and Systems is the most cited journal in SC followed by Information Sciences and SC itself. The journals that form the core strongly connect to the field of computer science with a strong focus on the emerging theories of soft computing and related issues. It is also worth noting that the Lecture Notes in Computer Science has a strong influence in the journal.
Next, let us analyse bibliographic coupling of authors that publish in SC. Bibliographic coupling [20] of authors analyzes the authors of two documents that cite the same third document. Thus, in the map appears the name of the authors of these documents, particularly, the most productive authors when dealing with all the set of documents. And the network connections show those authors that cite the same bibliographic material with the aim of identifying authors with similar research profiles. Figure 2 visualizes the results considering a threshold of five documents published in the journal and the one hundred most representative bibliographic coupling connections.
Witold Pedrycz and Francisco Herrera form the most representative cores. In general, the results are quite consistent with the results of Table 1 . The main advantage of Fig. 2 is that it visualizes those authors with similar profiles either because they work on similar topics or because they are co-authors.
Bibliographic coupling can also be studied from the institutional perspective. Here the difference is that the map visualizes the most productive institutions in terms of the institutional affiliation of the authors that publish in SC. The network connections represent the authors of institutions that cite many times the same bibliographic references showing similar research profiles. Figure 3 shows the results with a threshold of five documents published in the journal and the one hundred most significant bibliographic coupling connections.
The University of Granada is the most productive institution and represents one of the key cores of the journal. The results of this figure are in accordance to the results of Table 2 although in the figure the universities appear according to their research profile connections with other institutions. Finally, let us focus on the most common keywords used in the journal in order to identify the leading topics that SC is publishing. For doing so, the study considers the author keywords that usually appear below the abstract. The map shows those keywords with the highest occurrence inside the set of documents of SC and the network connections indicate the keywords that tend to appear frequently in the same documents. Figure 4 presents the results considering a threshold of five occurrences and the one hundred most representative co-occurrence connections.
Genetic and evolutionary algorithms are the most common keywords that appear in the journal. Some other popular topics are particle swam optimization, neural networks and fuzzy logic. Note that since soft computing is a trivial keyword, it does not appear Figure 4 clearly shows that today evolutionary computation has been the leading topic in the journal. On the other hand, the other main parts of soft computing, such as neural networks and fuzzy logic, have a significant position in the journal although currently their publication volume is well below that of evolutionary computation.
Conclusions
Motivated by the twentieth anniversary of the journal, this study has presented a bibliometric overview of the publications of the journal between 1997 and 2016. The results show a strong increase of the journal becoming a monthly journal since 2005. Today, the journal publishes more than three hundred documents every year and is recognized as one of the leading journals in the field of computer science. The study uses several bibliometric indicators to identify the leading trends occurring in the journal.
The University of Granada (Spain) is the most influential institution in the journal although China is the most productive country. However, if the numbers per capita are normalized, then, the Spanish institutions achieve a more remarkable result. In terms of authors, Witold Pedrycz is the most productive author in the journal while Francisco Herrera is the most influential one.
The VOS viewer software provides a deeper visualization of the publication and citation structure of the key variables of the journal. The network connections show which authors and/or institutions are connected between them in terms of bibliographic coupling and co-citation.
In future research, this study will expand the analysis considering additional bibliometric issues in the study including a deeper temporal evolution of the publications and more results with the VOS viewer software. Note that other journals will be considered in order to provide a better view of the publications in this field of study. 
